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ABSTRACT  
The specific objective of this research is to study the reaction of eugenol with formaldehyde and aniline 
and to perform in silico and biological activity studies on the obtained products. All the obtained structure 
compounds was confirmed by 1H-NMR, 13C-NMR, IR, MS and UV-Vis spectroscopic methods and then were 
tested for biological activity screening using in silico study  by  Molegro virtual Docker v 5.5 as a software. 
Docking process was used by Check point kinase 1 receptor (PDB ID: 2YWP) for screening biological 
anticancer activity. We have been using brine shrimp lethality test (BST) as in vitro study for anticancer 
activity screening The result of synthesis,  compound (2):4-Allyl-2-methoxy-6-((phenylamino)-
methyl)phenol, compound (3):6-Allyl-8-methoxy-3-phenyl-3,4-dihydro-2H-benzo-[e][1,3]oxazine and 
compound (4):6,6'-(Phenylazanediyl)bis(methylene)bis(4-allyl-2-methoxyphenol) were obtained by 
mannich reaction on eugenol using formaldehyde and aniline was stirred at room temperature for 0,5 h 
and reflux at 65 oC for 4 h with the yield product were  26 %, 52 % and 18 %. The results of docking 
process were benzoxazine and aminomethyl derivatives from eugenol have potential as anticancer 
activity based on their rerank score. The result of BST, It was found that all compounds have potential 
anticancer activity based on Meyer’s criteria, therefore benzoxazine and aminomethyl derivatives have 
potential to be further studied for their bioactivity.           
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1. INTRODUCTION  
Cancer is a group of more than 100 
different diseases that are characterized by 
uncontrolled cellular growth, local tissue 
invasion,and distant metastases. The four 
most common cancers are prostate, breast, 
lung, and colorectal cancer. Lung cancer is 
the most common cause of cancer death 
worldwide, with around 1,590,000 deaths 
from lung cancer in 2012 (19% of the total) 
[1,2]. Smoking is the main risk factor cause 
bronchus and lung cancer [2]. Indonesia is 
the world’s largest producer and user of 
clove (Eugenia caryophyllata Thumb. or  
Syzygium aromaticum L. Merr.) [3,4]. Clove 
is used mostly in kretek-cigarette industry. 
Our research aims to develop new 
chemicals by synthesis method to find 
compounds that have the potential for  

 
selective receptor cancer cells with 
minimum side effects. The final goal to 
provide solutions for industrial kretek-
clove cigarettes to explore not only produce 
kretek/ cigarettes but also the development 
of new APIs (Active Pharmaceutical 
Ingredients) which is the source of cloves 
as anticancer agents to prevent or treat 
lung cancer due to smoking habit. 
Clove consist of eugenol, It is a colorless to 
pale yellow oil liquid extracted from certain 
essential oils especially from clove. It is 
present in concentrations of 80–90% in 
clove bud oil and at 82–88% in clove leaf oil 
[5,6]. Eugenol is a member of the 
phenylpropanoids class of chemical 
compounds that has potential local 
anesthesia has been medically used by the 
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dentists. There is a phenol functional group 
that have the potential antioxidant, anti-
inflammatory, antiallergy, antithrombotic, 
antimicrobial and antineoplastic activity [7, 
8].  
Phenol functional group of eugenol can be 
reacted by Schiff base to produce Mannich 
base derivatives using Mannich reaction 
[9]. Mannich reaction is a reaction between 
compound that could form an enol 
derivatives with iminium salt (schiff base)  
to produce β-amino alkyl carbonyl / 
alkylaminomethyl / Mannich base 
derivatives [9,10]. Iminium salt (Schiff 
base) is a reaction between primary or 
secondary amines with formaldehyde [9-
11].  
Japanese group has previously reported the 
synthesis of benzoxazine and aminomethyl 
derivatives of phenols. Benzoxazine 
derivatives were studied for 
antihypertensive [12], antimicrobial [13], 
antifungal [14, 15], antimycobacterial [16, 
17, 18]  analgesic, and antiinflammatory 
activities [19, 20]. Aminomethyl derivatives 
were reported had potential activity as 
antimalarial [21], analgesic and 
antiinflammatory activities [22, 23], 
antimicrobial [24], anticonvulsant and also 
anticancer [25, 26]. Indonesian group has 
previously reported the synthesis some of 
aminomethyl sourced of eugenol from the 
following process reaction also obtained 
benzoxazine derivatives. Aminomethyl and 
benzoxazine derivatives from eugenol have 
been reported potential anticancer activity 

to be further studied for their bioactivity 
[27]. 
One of them is aminomethyl and 
benzoxazine derivatives from mannich 
reaction on eugenol  with aniline and 
formaldehyde. The process  of stirring and 
reflux for 48 hours can be resulted of 
benzoxazine derivatives. Benzoxazine 
derivatives could be hydrolisis in acidic 
condition to produce aminomethyl 
derivatives shown on (Figure 1). All these 
compounds have given good result for 
screening anticancer agent by brine shrimp 
lethality test (BST) and they have a 
potential to be further studied for their 
bioactivity [27]. 
Bujnowski et al had found simple and 
efficient synthetic method about 
mechanistic investigation of a Mannich 
reaction of phenol that  produce 
aminomethyl derivatives without 
hydrolysis process [28]. Benzoxazine and 
aminomethyl derivatives can be obtained 
by one-pot reaction with variety of result 
products that depend on time to reaction 
[28] shown (Figure 2). Several of the 
methods for the synthesis of aminomethyl 
derivatives , we choose one-pot reaction 
without hydrolysis. The synthesis method 
on this research, Mannich reaction on 
eugenol using formaldehyde and aniline 
was stirred at room temperature for 0.5 
hours and reflux at 65 oC for 4 hours. Based 
on the graphic, reaction time for 4 hours 
can be obtained benzoxazine and 
aminomethyl derivatives to studied for 
their anticancer activity. 

 
Figure 1: Transformation of eugenol to 1,3-benzoxazine and aminomethyl derivatives [27]  
 
2. MATERIALS AND METHODS 
General Commercially available materials 
were used as received. Eugenol, aniline and 
were purchased from Merck. Reactions 
were monitored with TLC. Purification of 
products was carried out by column 

chromatography on silica gel using hexane-
ethyl acetate (5:2). IR spectra were 
obtained using a Perkin Elmer Spectrum 
One spectrophotometer. 1H-NMR and 13C-
NMR spectra were obtained on JEOL JNM-
ECS 400 (1H-NMR: 400 MHz,  13C-NMR: 100 
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MHz) instrument for solutions in CDCl3. 
Mass spectra were measured with a JEOL 

JMS 600 spectrometer.  

 
Figure 2 : Corelation between resulf of Mannich product and time to reaction [28] 

Note: 
 
 

 
 

   
(1a) (4a) (5a) (6a) 

2.1 Synthesis 
Eugenol (2.0 g, 12.2 mmol) was dissolved in 
methanol (24 mL). The mixture was cooled 
in ice bath. To the mixture were added 37% 
formaldehyde solution (3.0 mL, 36.5 mmol) 
and aniline (1.84 mL, 24.3 mmol). The 
resulting mixture was stirred at room 
temperature for 0,5 h and at 65 oC for 4 h. 
The mixture was concentrated by 
evaporation of the solvent under reduced 
pressure. The crude product was purified 
using column chromatography with eluen 
hexane: ethyl acetate (5:2) [27]  
2.2 Docking Study 
All the obtained compounds from reaction 
of eugenol with formaldehyde and aniline 
by Mannich reaction were drawn using 
ChemOffice Ultra 2010 v12 and saved as 
mol file. Before the molecular docking, 
preparation steps must be done as follow 
converting the 2D structure of ligands to 
their 3D form,  addition and removing of 
polar hydrogen atoms,  energy minimized 
using the MMFF94x force field. MMFF94x 
was reported as the efficient force field for  

 
minimizing ligand-protein complexes [29]. 
All Molecular docking analysis and docking 
calculation were performed in Molegro 
Virtual Docker (MVD) Ver.5.5. The program 
operated on an AMD A6 Vision CPU @ 1.4 
GHz , 4 GB of RAM.  
Docking was performed against to the 
active site of Check point kinase 1 Receptor. 
Check point kinase 1 downloaded from 
protein data bank website (www.pdb.org). 
This receptor code is 2YWP. Base on 
reference that reseptor can use for 
screening anticancer activity because  
Check point kinase 1 is an enzyme that 
plays a role in regulating the growth and 
division of cells undergoing DNA damage.  
The protein crystal structure was prepared 
for docking via removing of water 
molecules, addition and removal of polar 
hydrogen atoms then isolation of the active 
site. The active site was considered to be 
the site where co-crystalline ligand A42. 
The active site had been defined as the area 
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within 157.18 Å3 around the co-crystallized 
ligand (Figure 3). 

 
Figure 3: The ribbon diagram showing of 
the overall structure of Check point 
kinase 1 with co-crystalline ligand  
 
The co-crystalline ligand was re-docked in 
the active site to insure the docking method 
was efficient and the active site was saved 
as mol. file to be used for docking 
simulation of the selected compounds 
(Figure 4). Results indicated that the X-ray 
crystallography conformer was nearly 
identical to the docked conformer, as 
deduced from superimposition of the two 
structures that displayed an RMSD Root 
Mean Square Deviation < 2,0 Å [30, 31]. 
The docking result are moldock and rerank 
score as prediction and simulation between 
drug-receptor both of them. The moldock 
and rerank scores were expressed in 
negative energy terms the lower the 
binding free energy, the better the binding 
affinity and the ligand interactions 
(hydrogen bonding, electrostatic interaction 
hydrophobic interaction) with Check point 
kinase 1 [32]. 

 
Figure 4: The co-crystalline ligand in the 
active site of Check point kinase 1 from 
X-ray crystal structure (green) and from 
MVD  (purple) with RMSD value 0.97 Å 

2.3 Brine Shrimp Lethality (BST) Test 

The BST assay was carried out according to 
Meyer [33] with minor modifications. Eggs 
of Artemia sp. (about 30 mg) were placed 
into hatching chamber and kept under 
constant aerator for 24 h. After hatching, 
active nauplii were collected with Pasteur 
pipette to be used for assay. Test samples 
were prepared as follows. 50.0 mg of each 
synthesized compounds were accurately 
weighed and dissolved in 50.0 ml methanol 
to give stock solution with concentration of 
1000 ppm. From the stock solution, a 
variety of solution concentrations were 
prepared as, 0.50 ppm, 1.0 ppm, 2.0 ppm, 
5.0 ppm, 10.0 ppm, 50.0 ppm each in 
triplicate. 5 ml each of these dosages were 
transferred into small vials and prepared in 
triplicate. The vials used for control 
experiment was stained with 1 ml 
methanol. All vials containing the dosages 
and the control were left overnight for the 
methanol to vaporize, leaving only the 
sample as residue. To each of the vials 
containing the tested compounds, 5 drops 
of DMSO 1% were added to redissolved the 
dosage followed by distilled sea water up to 
5 ml. For the control, control test of each 
sample was added DMSO 1% and sea water 
up to 5 ml. Then, 10 nauplii were 
introduced into each test vials, sea water 
was added to make volume of 5 mL. After 
24 h incubation, the vials were observed 
using a magnifying glass, and followed by 
counting the numbers of survivors and 
calculating percentages of deaths. Larvae 
were considered dead if they did not show 
any movement during several seconds of 
observation The resulting data were 
converted to probit analysis method for 
determination of the lethal dose 50% (LC50) 
values for the tested compounds. 

3. RESULTS AND DISCUSSION 

3.1 Synthesis result 

Mannich reaction on eugenol using 
formaldehyde and aniline was stirred at 
room temperature for 0,5 h and heated at 
65 oC for 4 h, obtained benzoxazine and 
aminomethyl derivatives. The Benzoxazine 
derivatives from that reaction is compound 
(2),6-allyl-8-methoxy-3-phenyl-3,4-
dihydro-2H-benzo[e]-[1,3]oxazine and  the 
aminomethyl derivatives are compound 
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(3), 4-allyl-2-methoxy-6-((phenylamino)-
methyl)phenol and compound (4), 6,6'-
(Phenylazanediyl)bis(methylene)-bis(4-
allyl-2-methoxyphenol). Investigation of 
the mechanistic theory of Mannich reaction 
of phenol by Bujnowski et al was proven at 
this research [28]. Reaction time 
reasonably influences the yields of 
products. If it is sufficiently short, 
benzoxazine derivatives (3) is the dominant 
product that can possibly be isolated. Only 

after appropriately long reaction time the 
maximum yield of benzylamine (2) is 
observed. In this research, the reaction 
excess of aniline (24.3 mmol) and 
formaldehyde (36.5 mmol) make yield of 
major product was obtained compound (2) 
52 % and compound (3) 26 % because the 
reaction time for 4 hours. this condition 
reaction was also obtained compound (4) 
as minor product. To explain the process 
reaction can show (Figure 5-8). 

 
Figure 5: Mannich reaction on eugenol using formaldehyde and aniline 

 

Figure 6: The mechanism reaction 
forming compound (2) 

 
Detailed physicochemical and spectral 
data of the obtained compounds are as 
follows: 
1,3,5-Triphenyl-1,3,5-triazinane 
Obtained as intermediate product a 
crystalline and stable. IR (KBr) cm-1:  1519 
(Ar C=C), 1083 (C-N) 1H-NMR (CDCl3, δ, 
ppm): 7.27-7.21 (6H, m), 6.94-6.89 (6H, m), 

6.79-6.73 (3H, m), 5.41 (6H, s). 13C-NMR 
(CDCl3, δ, ppm): 148.6(3C), 129.6 (6 C), 
121.9 (3C), 114.3 (6), 84.1 (3C) HRMS 
calculated for C21H21N3 315.4126; found 
315.4353. All the spectral data are in 
agreement with the structure of compound 
1. 
4-Allyl-2-methoxy-6-((phenylamino)-
methyl)phenol 
Obtained as yellow oil in 52% yield. IR 
(KBr) cm-1 : 3500 (O-H), 3017 (C-H sp2), 
3003(N-H), 2938 (C-H sp3), 1638 (aliph 
C=C), 1519 (Ar C=C). 1267 (C-O), 1083 (C-
N). 1H-NMR (CDCl3, δ, ppm): δ 7.15-7.19(2H, 
m), 6.70-6.75 (4H, m), δ 6.62 (1H, s), δ 5.87-
5.97 (1H, m), δ 5.02-5.11 (2H, m), δ 4.33 
(2H, s), δ 4.33 (2H, s), δ 3.86 (3H, s), δ 3.27 
(2H, d, J=6,8 Hz). 13C-NMR (CDCl3, δ, ppm): 
148.0, 146.6, 142.3, 137.7, 131.2, 129.1 
(2C), 124.2, 120.9, 118.1, 115.5, 113.7 (2C), 
110.3, 55.9, 44.3, 39.8. HRMS calculated for 
C17H19NO2 269.1416, found 269.1422. All 
these spectral data are in agreement with 
the structure of compound 2. 
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Figure 7: The mechanism reaction forming compound (3) 

 
Figure 8: The mechanism reaction forming compound (4) 
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6-Allyl-8-methoxy-3-phenyl-3,4-dihydro-
2H-benzo-[e][1,3]oxazine 
Obtained in 26% yield as a orange oil. IR 
(KBr) cm-1 : 3414 (O-H), 3060 (C-H sp2), 
2902 (C-H sp3), 1639 (aliph C=C), 1455 (Ar 
C=C), 1265 (C-O), 1083 (C-N) 1H-NMR 
(CDCl3, δ, ppm): δ 7.10-7.12 (2H, m), δ 7.22-
7.26 (2H, m), δ 6.89-6.93(1H, m), δ 5.87-
5.96 (1H, m), δ 5.41 (2H, s), δ 5.04-5.10 (2H, 
m), δ 4.60 (2H, s), δ 3.83 (3H, s), δ 3.28 (2H, 
d, J=6,8 Hz). 13C-NMR (CDCl3, δ, ppm): 148.3, 
147.9, 141.9, 137.4, 131.9, 129.1 (2C), 
121.3, 121.1, 118.2, 118.0 (2C), 115.7, 
109.9, 79.6, 55.7, 50.2, 39.8. HRMS 
calculated for C18H20NO2 282.1494; found 
282.1513. All the spectral data are in 
agreement with the structure of compound 
3. 
 

6,6'-(Phenylazanediyl)bis(methylene)-
bis(4-allyl-2-methoxyphenol) 
Obtained in 18% yield as a orange oil. IR 
(KBr) cm-1 : 3498 (O-H), 3070 (C-H sp2), 
3007 (N-H), 2942 (C-H sp3), 1636 (aliph 
C=C), 1520 (Ar C=C). 1265 (C-O), 1083 (C-
N).1H-NMR (CDCl3, δ, ppm): 7,15-7,19 (2H, 
m),δ 6,95-6,97 ppm (2H, m), δ 6,79-6,83 
ppm (1H, m), δ 5,83-5,93 ppm (2H, m), δ 
4,98-5,05 ppm (4H, m), δ 4,47ppm (4H, s), δ 
3,84 ppm (6H, s), δ 3,23 (4H, d, J=6,8 Hz). 
13C-NMR (CDCl3, δ, ppm): 149.8 (2C), 149.6, 
141.3 (2C), 136.5 (2C), 134.8 (2C), 
123.5(2C),129,6 (2C), 121,9, 124.6 (2C), 
114,3 (2C), 115.9 (2C), 112.8 (2C), 60.5 
(2C), 56.1 (2C), 40.1 (2C). HRMS calculated 
for C28H31NO4 445,5413; found 445.5518. 
All the spectral data are in agreement with 
the structure of compound 4. 

3.2 Molecular Docking Result  
Table 1: Molecular Docking Value of co-crystalline ligand and the tested compounds 

Docking process MolDock Score (kcal/mol) Rerank Score (kcal/mol) 
Co-crystalline ligand -139.91 -108.84 
Compound (2) -120.76 -82.98 
Compound (3) -123.33 -80.27 
Compound (4) -169.52 -108.51 

 

The result of molecular docking value 
which performed on compound 2, 3 and 4 
then compared with ligand molecular 
docking value of the receptor check point 
kinase 1 as a positive control resulted to 
have a potential anticancer activity. 
Rerank score is a parameter which strictly 
determines potential activity of drug-
receptor. Rerank score is also a 
logarithmic cumulative energy between 
drug-receptor interaction by hydrogen, 
electronic, and steric bond interaction. The 
smaller the rerank score, the smaller the 
activity potential. The smaller the rerank 
score also shows the smaller amount of 
energy required to form drug-receptor 
interaction, therefore it is assumptive that 
it is more compatible between the drug-
receptor interaction. In silico test result of 
compound 4 shows that it possesses a 
greater anticancer activity compared to 
the compound 2 and 3 (Table 1). The 
interaction co-crystalline ligand on 
binding site of 2YWP occured as the 
hydrogen bonds on residu Glu 85 and Cys 
87, electrostatic bonds on residu Lys  38,  

 

Glu 55, Asp 148 and hydrophobic bonds on 
residu Lys 38, Glu 85, Cys 87 and Leu 137 
with value of rerank score  -108.84 
kcal/mol. The interaction compoud 2 on 
binding site of 2YWP occured as the 
hydrogen bonds on residu Glu 85 and Cys 
87 with value of rerank score -82.98 
kcal/mol. The interaction compoud 3 on 
binding site of 2YWP occured as the 
hydrogen bond on residu Cys 87 and 
hydrophobic bonds on residu  Leu 84 and 
Cys 87 with value of rerank score -80.27 
kcal/mol. The interaction compoud 4 on 
binding site of 2YWP occured as the 
hydrogen bonds on residu Glu 85, Cys, 87 
Asn 135, and Ser 147 and hydrophobic 
bonds on residu  Leu 15, Tyr 20, Val 23, 
Leu 84, Glu 85, Cys 87, Glu 134, Asn 135, 
Ser 147 and Asp 148 with value of rerank 
score -108.51 kcal/mole (Table 2 and 
Figure 9). 
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Table 2: Docking analysis on Check point kinase 1 

Compounds 
Rerank 
Score 

kcal/mol 

Hydrogen 
bond 

Residual 
involved 

Electronic 
interaction 

Residual 
involved 

Steric 
interaction 

Residual 
involved 

Co-crystalline 
Ligand  

-108.84 3 
Glu 85 
Cys 87 

Ser 147 
3 

Lys  38 
Glu 55 

Asp 148 
4 

Lys 38 
Glu 85 
Cys 87 

Leu 137  

(2) -82.98 2 
Glu 85 
Cys 87 

0 - 0 - 

 
(3) 

-80.27 1 Cys 87 0 - 2 
Leu 84 
Cys 87 

(4) -108.51 4 

Glu 85  
Cys 87 

Asn 135 
 Ser 147 

0 - 7 

Leu 15  
Tyr 20 
Val 23  
Leu 84 
Glu 85  
Cys 87  

Asp 148 

 
2 demension 3 demension 

 

(Co-crystalline) 

 

(Ligan A42) 

 

(1) 

 

(1) 
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(3) 
 

(3) 

 

(4) 
 

(4) 

Figure 9: The interaction co-crystalline ligand and the tested compounds on binding site of 2YWP 

 

3.2 Brine Shrimp Lethality Test Result 
The results of toxicity test of all the 
obtained compounds 2, 3, and 4 
derivatives of eugenol against Artemia sp. 
are shown in (Table 3). 
The docking study result of test 
compounds on binding site of Check point 
kinase 1 was in line with the in vitro Brine 
shrimp lethality test result.  Based on 
Meyer’s criteria [33] that a pure substance 
considered toxic if the LC50 value is less 
than 30 ppm. Compounds 2, 3, and 4 are 
toxic and potential to be studied further 
(Table 3). Compound 4 has the highest 
toxicity than others. 

 

 

Table 3. Results of Brine Shrimp  
                  Lethality Test 

Compounds 
Rerank  
Score 

(kcal/mol) 

LC50 

(ppm) 

 
(2) 

 

-82.98 5.4 

 
(3) 

-80.27 13.6 

 

 
(4) 

-108.51 1.6 
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4. CONCLUSION 
1. Compound (2), (3) and (4) were 
obtained by mannich reaction on eugenol 
using formaldehyde and aniline was 
stirred at room temperature for 0,5 h and 
reflux at 65 oC for 4 h with the yield 
product were 26 %, 52 % and 18 %. 
2. Based on molecular docking study the 
value of rerank score, all compounds are 
identic with value of rerank score co-
crystalline ligand, that assume are all 
compounds have potential anticancer 
activity.  
3. Based on Meyer’s criteria from result of 
Brine Shrimp Lethality Test, all compound 
have potential anticancer activity just for 
screening step. 
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